Introduction
The insertion design of an e +e storage ring determines not only the physics potential of the facility but also the basic machine parameters, and considerable economies can be made by suitably tailoring the insertions to the detector requirements.
This paper shows how the use of specialized insertions can improve the machine characteristics and discusses the solution adopted for LEP1, the large e+e-storage ring currently under study at CERN.
Limitations on the Insertion
The luminosity in an e e storage ring can 
Experimental Requirements
Let us now consider the experiments that are to be performed at LEP or, more precisely, the detectors that will be required. Figure 1 To demonstrate the advantages of this approach the machine is compared with an identical ring equipped with eight long insertions with ±10 m free space, a* = 0.2 m and a luminosity of 1032cm-2s1l. To reach this luminosity requires twice the current per beam which can be achieved in two ways: either the number of bunches can be doubled with the same charge per bunch or the charge per bunch can be doubled with the same number of bunches.
A machine of each type will be considered.
In the first case, separation of the beams at eight unwanted crossings is necessary. At present, it seems that the separators will also affect collisions in the insertions due to imperfect cancellation of the beam bumps.
Calculations indicate that extremely tight tolerances are placed on all components in the region of the separating plates3.
In the second case, doubling the bunch charge increases the space charge forces and makes the machine more sensitive .
It will be assumed that these technical problems can be overcome but this will certainly add to the hardware costs.
The parameters of the three machines referred to later as A, B and C are given in In evaluating the differences in cost between the three machines it is not sufficient to consider the construction cost alone.
The substantial differences in the mains power required mean that the running costs must also be taken into consideration.
Comparing the sum of the construction cost and the ten-year running costs by using the prices from reference 1, the machines with equal insertions (B and C) are more expensive than the machine with specialized insertions (A) by about 8% and 16% respectively. This difference is associated purely with the RF system although it must be remembered that only the machine with specialized insertions is 'cost optimized'5.
Evaluating the additional cost of the other components cannot be done precisely without a detailed study.
However, provision of eight long insertions would add a minimum of 10% (or 20%) to the total construction and ten-year running costs.
Improvements to the Short Insertion From Fig. 1 it is clear that a free space of ±5 m is by no means generous compared with existing electron storage rings.
Careful design of the machine components in the insertion region can ensure that the experiments are able to make full use of the space. An important point is that most detectors have solenoidal fields which generally have compensating solenoids to avoid coupling of the vertical and horizontal emittances.
It is also possible to use skew quadrupoles placed outside the insertion region free space.
Such a scheme has been operating on the ISR for some years6 and calculations show that it can be used for LEP7. abb I Z (6) where N is the total number of particles per beam, abb is the cross-section for the process (%3xl0-25cm-2) and It is the total luminosity summed over all interaction regions.
The smaller current in the machine with specialized insertions means that the beam lifetime is shorter -6.6 h instead of 8.8 h for the machines with long insertions.
This can be somewhat alleviated by reducing the vertical beam size during a physics run8, but even so refills must be performed frequently and rapidly if the average luminosity is not to fall too far below the peak luminosity.
Number of Each Insertion Type
For LEP, four short and four long insertions are proposed. This is the result of a compromise between high luminosity with a small beam current and a reasonable beam lifetime.
Thus, if all eight insertions had the maximum luminosity with ±5 m free space, the beam-beam lifetime would be only 4.4 h. In the early stages of machine operation it appears to be an advantage to maintain a high superperiodicity.
In principle, however, the number and length of the insertions could be tailored exactly to the requirements of the individual experiments. There are two basic factors to be borne in mind.
Firstly, the luminosity will be inversely proportional to the free space.
Secondly, the beam lifetime will be inversely proportional to the total luminosity summed over all insertions.
The effect of a shorter beam lifetime is to reduce the ratio of average to peak luminosity in all insertions.
Conclusion
It is proposed that LEP be equipped with four sh,ort high-luminosity insertions and four long insertions with a lower luminosity.
This results in considerable savings compared with a machine with eight long high-luminosity insertions.
Practically every aspect of the machine is improved and there is a considerable reduction in the total power requirements. Thie restrictions imposed by the insertions on the detector design were examined at the Les Houches Summer St:udy on LEP9 where it was concluded that the physics programme would not be significantly affected. This concept will be applied to future versions of LEP10 a.lthough the exact length of the insertions may undergo m:inor modifications.
